Endoplasmic reticulum retention and rescue by heteromeric assembly regulate human ERG 1a/1b surface channel composition.
Defects in the trafficking of subunits encoded by the human ether-à-go-go-related gene (hERG1) can lead to catastrophic arrhythmias and sudden cardiac death due to a reduction in I(Kr)-mediated repolarization. Native I(Kr) channels are composed of two alpha subunits, hERG 1a and 1b. In heterologous expression systems, hERG 1b subunits efficiently produce current only in heteromeric combination with hERG 1a. We used Western blot analysis and electrophysiological recordings in HEK-293 cells and Xenopus oocytes to monitor hERG 1b maturation in the secretory pathway and to determine the factors regulating surface expression of hERG 1b subunits. We found that 1b subunits expressed alone were largely retained in the endoplasmic reticulum (ER), thus accounting for the poor functional expression of homomeric 1b currents. Association with hERG 1a facilitated 1b ER export and surface expression. We show that hERG 1b subunits fail to mature because of an "RXR" ER retention signal specific to the 1b N terminus of the human sequence and not conserved in other species. Mutating the RXR facilitated maturation and functional expression of homomeric hERG 1b channels in a charge-dependent manner. Co-expression of the 1b RXR mutants with hERG 1a did not further enhance 1b maturation, suggesting that hERG 1a promotes 1b trafficking by overcoming the RXR-mediated retention. Thus, selective trafficking mechanisms regulate subunit composition of surface hERG channels.